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Description 

[0001] The present invention relates to a fuel injector 
for a combustor of a gas turbine engine comprising 

- an injector body means having first and second air 
discharge orifices for discharging air to the combus- 
tor and 

- first and second fuel passage means having re- 
spective first and second fuel discharge orifices for 
discharging fuel to the combustor. 

[0002] A fuel injector with these characteristics is e.g. 
described in FR-A-2 269 646. In this prior art document, 
the temperature of the fuel is used for cooling purposes. 
[0003] Efforts to reduce emissions and improve com- 
bustor performance in gas turbine engines have brought 
about the use of staged fuel systems wherein one or 
more fuel injectors are used for low speed (low power) 
engine operation and one or more other fuel injectors 
are used for higher speed (higher power) engine oper- 
ation. The fuel injectors used for low speed engine op- 
eration are commonly referred to as pilot or primary fuel 
injectors for providing a continuous flow to the engine 
combustor for all regimes of engine operation from idle 
to high speed operation. The fuel injectors used for high- 
er speed engine operation are referred to as secondary 
or main injectors for providing supplemental fuel flow to 
the engine combustor in an on-demand manner when 
higherengine speed (power) is required. The secondary 
fuel injectors thus are rendered non-operative during 
idle operation of the engine when the supplemental fuel 
flow is not needed and are rendered operative during 
higher speed (power) engine operation when supple- 
mental fuel flow is required. 

[0004] Airblast fuel injectors have been used in non- 
staged gas turbine engine fuel systems and are de- 
scribed in U.S. Patent 3,864,186 issued August 16, 
1972 and U.S. Patent 3,980,233 issued Sept. 14, 1976. 
Airblast fuel injectors are designed to achieve atomiza- 
tion of a film of liquid fuel formed on a fuel discharge 
orifice surface or lip by directing high velocity airflow 
supplied to the injector from the engine compressor at 
the fuel film as it leaves the orifice surface. 
[0005] Airblast fuel injectors have been proposed for 
use in a staged gas turbine engine fuel system. Howev- 
er, use of airblast fuel injectors in a staged fuel system 
may present a so-called coking problem when the air- 
blast fuel injectors comprise the secondary (or main) in- 
jectors of the system that are rendered non-operative 
during some engine operational regimes (e.g., low pow- 
er regime such as low speed idle operation) and oper- 
ative during otherengine operational regimes (e.g., high 
speed operation). In particular, when the secondary (or 
main) fuel injectors are rendered non-operative during 
low power engine operation, fuel remains in the fuel dis- 
charge passages of the injectors and can be heated by 
the elevated temperature of the combustor environment 


to the extent that the fuel in the fuel discharge passages 
is carbonized (coked) over time, building up carbona- 
ceous deposits therein. These deposits can adversely 
affect the performance of the airblast fuel injector in 

5 service from the standpoint that injector fuel flow rate 
and fuel atomization become unsatisfactory. Similar de- 
posits may buildup in the fuel passages of other air at- 
omizing fuel injectors that employ high velocity com- 
pressor airflow to atomize fuel discharged from a fuel 

10 discharge passage/lip. 

[0006] U.S. Patent 5,243,81 6 discloses a self-purging 
airblast injector that includes a fuel purge passage com- 
municated to an air discharge passage of the fuel injec- 
tor via a valve that is operable upon interruption of fuel 

15 flow to the fuel injector to provide purge air from the air 
discharge passage through the purge passage and fuel 
discharge passage to purge fuel residing in the fuel pas- 
sage to the combustor of the gas turbine engine. 
[0007] It is an object of the present invention to pro- 

20 vide a fuel injector for a combustor of a gas turbine en- 
gine wherein the fuel residing in the fuel passages of the 
fuel injector upon interruption in the supply of fuel there- 
to is purged to the combustor. According to the inven- 
tion, this object is solved by means of the following fea- 

25 tures, in a fuel injector as described at the outset: 

Said first and second fuel passages are in commu- 
nication upstream of said fuel discharge orifices, 
said first air and fuel discharge orifices have a rela- 
30 tionship to establish a pneumatic pressure at said 
first fuel discharge orifice, and said second air and 
fuel discharge orifices have a relationship to estab- 
lish a different pneumatic pressure at said second 
fuel discharge orifice, 
35 - such that, in the event the supply of fuel to the first 
and second fuel discharge orifices is interrupted, 
the fuel residing in the fuel passages between said 
first and second fuel discharge orifices is subjected 
to a pressure differential effective to purge the res- 
40 ident fuel into the combustor. 

[0008] Therefore, in a fuel injector according to the 
present invention, a pneumatic pressure differential is 
established on the resident fuel. 

45 [0009] It is a particular advantage of the present in- 
vention that a fuel injector for a combustor of a gas tur- 
bine engine is provided wherein the fuel residing in the 
fuel passages of the fuel injector upon interruption in the 
supply of fuel thereto is purged to the combustor rapidly 

so enough that the purged fuel is ignited by the existing 
flame region of the fuel injector in the combustor. 
[0010] The present invention therefore contemplates 
a self-purging fuel injector for a combustor of a gas tur- 
bine engine wherein the fuel injector comprises an in- 

55 jector body means having first and second air discharge 
orifices for discharging air to the combustor and first and 
second fuel passage means having respective first and 
second fuel discharge orifices for discharging fuel to the 


35 - 
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combustor. The first and second fuel passages are in 
communication upstream of the fuel discharge orifices. 
The first air and fuel discharge orifices have a relation- 
ship to establish a pneumatic pressure at the first fuel 
discharge orifice and the second air and fuel discharge 
orifices have a different relationship to establish a dif- 
ferent pneumatic pressure at the second fuel discharge 
orifice such that, in the event the supply of fuel to the 
first and second fuel discharge orifices is interrupted, 
the fuel residing in the fuel passages between the first 
and second fuel discharge orifices is subjected to a 
pressure differential effective to purge the resident fuel 
into the combustor. 

[0011] In one embodiment of the invention, the first 
air and fuel discharge orifices comprise an inner air dis- 
charge orifice and a fuel discharge orifice located about 
the inner air discharge orifice. The second air and fuel 
discharge orifices comprise an intermediate air dis- 
charge orifice located about the first fuel discharge ori- 
fice and an outer fuel discharge orifice located about the 
intermediate air discharge orifice. 
[0012] In another embodiment of the invention, the 
first and second fuel passages are communicated 
downstream of a fuel control valve in the injector hous- 
ing means. Preferably, the first and second fuel passag- 
es are communicated at a common chamber disposed 
downstream of a fuel control valve to receive fuel there- 
from. 

[0013] In a particular embodiment of the invention, a 
fuel injector of the invention comprises injector body 
means having an inner air passage with an inner air dis- 
charge orifice for discharging air to the combustor, a first 
fuel passage disposed about the inner air passage and 
having a first fuel discharge orifice for discharging fuel 
to the combustor, an intermediate air passage disposed 
about the first fuel passage and having an intermediate 
air discharge orifice, and a second fuel passage dis- 
posed about the intermediate air passage and having a 
second fuel discharge orifice for discharging fuel to the 
combustor. The first and second fuel passages are in 
communication upstream of the fuel discharge orifices. 
The inner air and first fuel discharge orifices have a re- 
lationship to establish a pneumatic pressure at the first 
fuel discharge orifice and the intermediate air and sec- 
ond fuel discharge orifices have a different relationship 
to establish a different pneumatic pressure at the sec- 
ond fuel discharge orifice such that, in the event the sup- 
ply of fuel to the first and second fuel discharge orifices 
is interrupted, the fuel residing in the fuel passages be- 
tween the first and second fuel discharge orifices is 
purged into the combustor by virtue of the pressure dif- 
ferential established. 

[0014] Self-purging fuel injectors in accordance with 
the invention are advantageous in that each fuel injector 
is individually self-purging and thus can be identical to 
other fuel injectors providing fuel to the gas turbine en- 
gine combustor. 

[0015] The aforementioned objects and advantages 


of the present invention will become more readily appar- 
ent from the detailed description and drawings which fol- 
low. 


[001 6] Figure 1 is a longitudinal sectional view of one 
embodiment of a self-purging airblast injector of the in- 
vention. 

10 [0017] Figure 1 A is similar to Figure 1 showing the di- 
rection of fuel purging in accordance with one embodi- 
ment of the invention. 

[001 8] Figure 2 is a longitudinal sectional view of an- 
other embodiment of a self-purging airblast injector of 
15 the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 9] Referring to Figure 1 , a self-purging airblast fu- 

20 el injector 1 0 in accordance with one embodiment of the 
invention is shown. The fuel injector 1 0 includes a tubu- 
lar support housing 20 having a flange 20a adapted to 
be fastened (e.g. bolted) to an engine housing 11 
(shown schematically) in conventional manner and an 

25 injector tip T fastened to the support housing 20 and dis- 
posed in an opening in a gas turbine engine combustor 
wall 12 (partially shown) in conventional manner. The 
fuel injector 1 0 shown uses pressurized compressor dis- 
charge air (see arrows A) for fuel atomization as is 

30 known in the art; e.g., see U.S. Patent 3 684 186. 
[0020] The fuel injector 1 0 is shown including the tu- 
bular support housing 20 having a fuel inlet fitting 22 that 
is communicated via fuel conduit 24 (shown schemati- 
cally) to a fuel manifold 25. The manifold 25 is supplied 

35 with pressurized fuel from a fuel pump 26 (shown sche- 
matically). A plurality of fuel injectors identical to injector 
10 can be supplied with pressurized fuel from the man- 
ifold 25 via similar fuel conduits 24 illustrated in Figure 1 . 
[0021 ] The inlet fitting 22 is communicated to a hous- 

40 ing chamber 30 by passage 32. Disposed in the cham- 
ber 30 is fuel check/fuel metering valve 34 for controlling 
fuel flow. The metering valve 34 is disposed on a tubular 
valve support member 36. The valve support member 
36 includes a circumferential flange 36A that is biased 

45 on a support cup 38 by a clip 40, spring 42, and a per- 
forated screen or sleeve 44. In effect, the clip 40, spring 
42, and sleeve 44 hold the valve support member 36 
and the support cup 38 in position in the chamber 30. 
[0022] The check/metering valve 34 includes a cap 50 

so held on the valve stem 34A by clip 52. A spring 54 is 
disposed between the cap 50 and the flange 36A of the 
valve support member 36 as shown to bias the valve 34 
to a closed position until fuel pressure reaches a prese- 
lected valve opening pressure. 

55 [0023] The valve 34 includes a central bore 34B that 
receives fuel from the upper region of the chamber 30. 
Disposed in the bore 34B is a fuel filter 56 through which 
the fuel flows prior to reaching the radially oriented, cir- 
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cumferentially spaced fuel passages 34C. 
[0024] The passages 34D shown upstream of fuel 
passages 34C are communicated to an annular cham- 
ber 58 defined between the valve stem 34A and the 
valve support member 36 for providing a metered start 
fuel flow through passages 36B and 38B to fuel receiv- 
ing chamber 64. This fuel may flow through one or both 
of tubes 70, 72 depending on fuel flow rate and the mag- 
nitude of the pneumatic pressure differential established 
between fuel discharge lips 132c, 162c discussed her- 
ebelow. 

[0025] The check/fuel metering valve 34 is main- 
tained in a closed position where the radially oriented 
valve fuel passages 34C are blocked by the lower end 
36C of the valve support member 36 as shown in Figure 
1 until the fuel pressure reaches the preselected open- 
ing pressure. At that time, the valve 34 is moved down- 
wardly against the bias of the spring 54 relative to the 
lower end 36C of the valve support member 36 to ex- 
pose the passages 34C in a manner to provide a pre- 
determined, controlled metered fuel flow schedule. 
[0026] The metered fuel flow from valve 34 is received 
by the fuel receiving chamber 64 defined by the support 
cup 38. The fuel tubes or conduits 70, 72 conduct the 
fuel to the injector tip T for discharge to the combustor 
chamber C (shown schematically). The fuel tubes or 
conduits 70, 72 include respective upper ends 70A, 72A 
fastened by brazing in the support cup 38 as shown so 
that the open ends 70A, 72A communicate with the 
chamber 64 of the cup 64. The fuel tubes or conduits 
70, 72 are thus communicated to one another via the 
fuel receiving chamber 64. 

[0027] The injector tip T comprises a plurality of tubu- 
lar injector bodies 100, 102, 104, 106, and 108 assem- 
bled together by brazing or similar metallurgical tech- 
niques. The tubular bodies 1 00 and 1 04 are fastened by 
brazing and the like directly to the support housing 20. 
The other tubular bodies 1 02, 1 06 and 1 08 are fastened 
by brazing to one of the bodies 100, 104 or to one an- 
other as illustrated in Figure 1. 
[0028] The inner tubular body 100 defines or forms 
therein a cylindrical, inner air supply chamber 120 hav- 
ing an enlarged, upstream open end 120a for receiving 
the compressor discharge air from a pressurized air ple- 
num P communicated to the engine compressor (not 
shown). The chamber 120 receives the pressurized air 
via a plurality of circumferentially spaced air swirler 
vanes 121 disposed in the upstream region of the tubu- 
lar body 100. The tubular body 100 includes a down- 
stream, frusto-conical inner air discharge chamber 1 22 
defining an air discharge orifice 1 22c for discharging the 
inner air to the combustor chamber C. The air discharge 
orifice 122c is defined by the annular lip shown. 
[0029] The first intermediate tubular body 1 02 is dis- 
posed about and outboard of the inner tubular body 1 00 
(i.e. radially outward). The intermediate tubular body 
1 02 is fastened by brazing and the like to tubular bodies 
100 and 104. 


[0030] Between the inner and intermediate tubular 
bodies 1 00, 1 02 is defined a first, annular, inner fuel sup- 
ply passage 130 having an upstream opening 130a 
communicated to the fuel tube or conduit 70. The pas- 
s sage 130 communicates with a frusto-conical fuel dis- 
charge passage 132. A plurality of circumferentially 
spaced apart fuel swirler vanes 131 are disposed be- 
tween the fuel supply passages 130, 132 to impart swirl 
to the fuel. The inner fuel discharge passage 132 in- 
cludes an annular, downstream fuel discharge orifice 
1 32c for discharging fuel as a film or thin layer amenable 
for air atomization. The discharge orifice 1 32c is formed 
by the annular lip shown. 

[0031] The second tubular body 104 is disposed 
about and outboard of the intermediate tubular body as- 
sembly 102 in a transverse (radial) direction and in- 
cludes a plurality of circumferentially spaced apart air 
inlet openings 102a (one shown) that receive pressu- 
rized air from the plenum P. Between the intermediate 
tubular bodies 102, 104 is defined an annular interme- 
diate air supply chamber 140 having a plurality of cir- 
cumferentially spaced apart, radially extending airswirt 
vanes 1 41 therein. The air supply chamber 1 40 commu- 
nicates with a frusto-conical air discharge chamber 1 42. 
[0032] The intermediate air discharge chamber 142 
includes an annular, downstream air discharge orifice 
142c for discharging air flow for fuel atomization purpos- 
es. The air discharge orifice 142c is defined by the an- 
nular lip shown. 

[0033] The third intermediate tubular body 1 06 is dis- 
posed about and outboard of the second intermediate 
tubular body 104 in a transverse (radial) direction. De- 
fined between the tubular bodies 1 04, 1 06 is an annular 
fuel receiving passage 150 that communicates to the fu- 
el tube or conduit 72 for receiving fuel therefrom. The 
fuel receiving passage 1 50 communicates with a frusto- 
conical fuel discharge passage 1 62 via an interconnect- 
ing fuel passage 163. 

[0034] The intermediate fuel discharge passage 162 
includes an annular, downstream fuel discharge orifice 
162c for discharging fuel for fuel atomization purposes. 
The fuel discharge orifice 1 62c is defined by the annular 
lip shown. 

[0035] The outer tubular body 1 08 is disposed about 
and outboard of the intermediate tubular body assembly 
106 in a transverse (radial) direction and includes annu- 
lar air inlet opening 1 06a that receives pressurized air 
from the plenum P. Between the tubular bodies 1 06, 1 08 
is defined an annular outer air supply chamber 1 70 hav- 
ing a plurality of circumferentially spaced apart, radially 
extending air swirl vanes 171 therein. The air supply 
chamber 170 communicates with a frusto-conical air 
discharge chamber 182. 

[0036] The outer air discharge chamber 1 82 includes 
an annular, downstream air discharge orifice 182c for 
discharging air flow for fuel atomization purposes. The 
air discharge orifice 182c is defined by the annular lip 
shown. 


75 


20 


25 


30 


35 


40 


45 


50 


EP 0 644 375 B1 


[0037] The air and fuel discharge orifices 1 22c, 1 32c, 
142c, 162c, 182c are located axially and radially as 
shown in Figure 1 so that the film thickness of discharg- 
ing liquid fuel at fuel discharge orifices 132c, 162c can 
be controlled and atomized by the air discharged from 
the air discharge orifices 122c, 142c, 182c. Thus, each 
fuel flow stream discharged at orifices 1 32c, 1 62c is sub- 
jected to both inner and outer air atomizing flows. 
[0038] During operation of the injector 10 when the 
valve 34 is opened, individual, atomized fuel flow 
streams are discharged from the injector tip T and at- 
omized as substantially radially separate fuel streams 
that are subsequently merged or blended together in the 
combustor downstream of the discharge tip T as deter- 
mined by the convergence and axial (longitudinal)/radial 
(transverse) orientation of the discharge chambers 122, 
132, 142, 162, 182 as well as by air swirl angles of the 
inner, intermediate, and outer air flows (air from dis- 
charge orifices 122c, 142c, 182c asimparted by the as- 
sociated injector air swirier vanes) and fuel swirl angles 
of the first and second fuel flows (discharged from fuel 
discharge orifices 132c, 162c). 
[0039] In accordance with the present invention, the 
first fuel passages 130, 132 and second fuel passages 
150, 162 are in communication upstream of their re- 
spective fuel discharge orifices 132c, 162c by virtue of 
the fuel tubes or conduits 70, 72 communicating to the 
common fuel receiving chamber 64 defined in the sup- 
port cup 38. Also, the first air and fuel discharge orifices 
122c, 132c have a relationship to establish a pneumatic 
pressure at the first fuel discharge orifice 132c and the 
second air and fuel discharge orifices 142c, 162c have 
a different relationship to establish a different pneumatic 
pressure at the second fuel discharge orifice 1 62c such 
that, in the event the supply of fuel to the first and second 
fuel discharge orifices is interrupted, for example, for en- 
gine shut-down by closure of the valve 34 resulting from 
deactuation of fuel pump 26, the fuel residing in the 
chamber 64 and fuel passages 130, 132; 150, 162 be- 
tween the first and second fuel discharge orifices 1 32c, 
162c. as well as any transient fuel in chamber 64 from 
passages 36B, 38A, is subjected to a sufficient pressure 
differential effective to purge the fuel into the combustor 
C through the orifice 162c having the lesser pneumatic 
pressure thereat than established at orifice 132c. For 
example, upon interruption in fuel flow via closure of 
valve 34, a higher (e.g. relatively positive) pneumatic 
pressure is established at the fuel orifice 1 32c and a low- 
er (e.g. relatively negative) pneumatic pressure is es- 
tablished at the fuel orifice 162c such that the fuel in the 
chamber 64 and fuel passages 130, 132; 150, 162 will 
be purged in a direction from the orifice 132c toward the 
orifice 162c for discharge from the orifice 162c into the 
combustor chamber C (see arrows FP in Figure 1 A that 
illustrate the direction of fuel purging). In effect, the fuel 
orifice 132c is rendered a "fuel pusher" orifice and the 
fuel orifice 162c is rendered a "fuel puller 41 orifice. 
[0040] For purposes of illustration and not limitation, 


8 

in practicing the invention, the relationship of the first air 
and fuel discharge orifices 122c, 132c can be different 
from the relationship of the second air and fuel dis- 
charge orifices 142c, 162c so as to establish the differ- 
5 ent pneumatic pressure at the first and second fuel dis- 
charge orifices 132c, 162c, whereby, in the event the 
supply of fuel to the first and second fuel discharge or- 
ifices is interrupted by closure of the valve 34, the fuel 
in the chamber 64 and fuel passages 1 30, 1 32; 1 50, 1 62 
10 between the first and second fuel discharge orifices 
132c, 162c is subjected to a sufficient differential pres- 
sure effective to purge the fuel into the combustor C 
through the lesser pressure orifice 162c. For example, 
the diameter of fuel discharge orifice 132c is less than 
is the diameter of air discharge orifice 122c while the di- 
ameter of fuel discharge orifice 1 62c is greater than the 
diameter of air discharge orifice 142c. In particular, the 
radius of the fuel discharge orifice 132c is selected in 
the range, for example, 0.127 mm to 0.508 mm (.005 
20 to .020 inch), less than that of orifice 122c, while the ra- 
dius of fuel discharge orifice 162c is selected in the 
range, for example, 0.127 mm to 0.381 mm (.005 to . 
015 inch), greater than that of orifice 142c, the radial 
dimensions being selected to provide desired self purg- 
es ing of the resident fuel through the lesser pressure ori- 
fice 162c. That is, the diameters of orifices 122c, 132c 
and 1 42c, 1 62c are selected to establish a lower pneu- 
matic pressure at orifice 1 62c than established at orifice 
132c. 

30 [0041] The invention is not so limited andean be prac- 
ticed using other different relationships between the first 
air and fuel discharge orifices 1 22c, 1 32c and between 
the second air and fuel discharge orifices 1 42c, 1 62c as 
set forth, in US Patent 5,277,023. The latter patent de- 

35 scribes multiple alternative means for obtaining the de- 
sired pneumatic pressures and/or pressure differentials, 
e.g., by means of air swirlers: "Different air discharge 
characteristics from the air swirlers (air injectors) 227, 
229 relative to the respective first and second injectors 

40 220, 222 may be used to establish a pressure differential 
on the resident fuel to purge it to the combustor." (Col. 
17, lines 37-42 of US 5,277,023). Another solution is to 
vary the divergence angle of the discharge orifice(s): 
"The air lip 110 diverging relative to the fuel lip 80 to 

45 provide a greater air lip diameter D2 than the fuel lip 
diameter D3, whereas the fuel and air lips 82, 112 do 
not have such a relationship ..." (col. 11, lines 46-50). 
Just another solution is to make the fuel and air dis- 
charge openings not concentric, as shown in Fig. 24 of 

so US 5,277,023. The general considerations for establish- 
ing a pneumatic pressure differential, whatever the ac- 
tual design chosen, are: "The magnitude of the pressure 
differential established between the fuel discharge lips 
generally depends on the geometric configuration of the 

55 fuel air/fuel discharge lips, air flow dynamics in the im- 
mediate vicinity of the air/fuel discharge lips and the ple- 
num (supply) air pressure level" (col. 1 1 , lines 55-60 of 
US 5,277,023). 
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[0042] in this manner, it is possible to establish the 
different pneumatic pressures at the first and second fu- 
el discharge orifices 132c, 162c in the event the supply 
of fuel to the first and second fuel discharge orifices is 
interrupted. The differential pressure needed for fuel s 
purging can be established by using fuel pusher/fuel 
puller orifices 132c, 162c, fuel pusher/less fuel pusher 
orifices 1 32c, 1 62c, as mentioned in the aforementioned 
US Patent 5,277,023. 

[0043] Figure 2 illustrates an alternative embodiment 10 
of the invention wherein like features are represented 
by like reference numerals primed. This embodiment 
differs from the embodiment of Figure 1 in that the fuel 
injector is supplied with pressurized fuel from a fuel dis- 
tribution valve 1 73' having a plurality of ports 1 72' each 15 
connected to an individual fuel injector (one shown) by 
a fuel conduit 24' (shown schematically). The distribu- 
tion valve 173' is of known type used on the V2500 gas 
turbine engine made by Pratt & Whitney Aircraft, and 
described in U.S. Patent No. 4 614 202 and 4 590 768, 20 
the teachings of which are incorporated herein. The dis- 
tribution valve 173' provides metered fuel flow to each 
fuel injector. The distribution valve 1 73' receives fuel 
from fuel pump 26'. 

[0044] Since the fuel received by each fuel injector is 25 
metered by the valve 1 73', only a check valve 35' is pro- 
vided in the fuel receiving chamber 30' of the fuel injector 
housing 20'. The check valve 35' is supported on the 
support cup 38' which is held in the chamber 30' by a 
perforated hold down sleeve 44' and spring 42'. The 30 
valve 35' includes a valve stem 35a* biased by spring 
54' to close against valve seat 37' until fuel pressure 
reaches a high enough level to overcome the spring and 
open the valve 35'. Upon opening of the valve 35', the 
fuel flows from the chamber 30' through filter 56' and 35 
valve seat openings 37a' into the fuel receiving chamber 
64* and then into fuel tubes or conduits 70', 72' to the 
injectortip T\ which is identical in construction to injector 
tip T described hereabove with respect to Figure 1 . 
[0045] The fuel injector functions in the manner de- 40 
scribed above with respect to Figure 1 to purge fuel from 
the chamber 64' and fuel passages 1 30', 1 32'; 1 50', 1 62* 
between the first and second fuel discharge orifices 
132c', 162c' into the combustor C through one of the 
orifices 1 32c' or 1 62c' having lesser pneumatic pressure 45 
established thereat. 

[0046] For example, the relationship of the first air and 
fuel discharge orifices 1 22c' , 1 32c' can be different from 
the relationship of the second air and fuel discharge or- 
ifices 142c', 162c' (e.g. by the selection of diameters of so 
orifices 122c', 132c' and orifices 142c', 162c 1 as de- 
scribed above) so as to establish the different pneumatic 
pressures at the first and second fuel discharge orifices 
132c', 162c' such that, in the event the supply of fuel to 
the first and second fuel discharge orifices is interrupted 55 
by closure of the valve 35', the fuel residing in the cham- 
ber 64 and fuel passages 1 30', 1 32'; 1 50', 1 62' between 
the first and second fuel discharge orifices 132c', 162c' 


is subjected to a sufficient pressure differential effective 
to purge the resident fuel into the combustor C in a di- 
rection from fuel orifice 132c' to fuel orifice 1 62c' having 
lesser pneumatic pressure thereat. 
[0047] While the invention has been described in 
terms of specific embodiments thereof, it is not intended 
to be limited thereto but rather only to the extentset forth 
hereafter in the following claims. 


Claims 

1 . Fuel injector (1 0; 1 0') for a combustor of a gas tur- 
bine engine comprising 

- an injector body means (10; 10 1 ) having first 
(122c; 122c 1 ) and second (142c; 142c') air dis- 
charge orifices for discharging air to the com- 
bustor and 

- first (130, 132; 130', 132') and second (150, 
1 62; 150*, 162') fuel passage means having re- 
spective first (132c; 132c') and second (162c; 
1 62c') fuel discharge orifices for discharging fu- 
el to the combustor, 

characterized in that 

- said first (130, 132; 130\ 132') and second 
(1 50, 1 62; 1 50', 1 62') fuel passages are in com- 
munication upstream of said fuel discharge or- 
ifices (132c; 132c'; 162c; 162c'), 

said first air (122c; 122c') and fuel (132c; 132c') 
discharge orifices have a relationship to estab- 
lish a pneumatic pressure at said first fuel dis- 
charge orifice (132c; 132c'), and said second 
air (142c; 142c') and fuel (162c; 162c') dis- 
charge orifices have a relationship to establish 
a lower pneumatic pressure at said second fuel 
discharge orifice (162c; 162c'), 

- such that, in the event the supply of fuel to 
the first (132c; 132c') and second (162c; 
1 62c') fuel discharge orifices is interrupted, 
the fuel residing in the fuel passages (130, 
132; 130', 132'; 150, 162; 150', 162') be- 
tween said first (132c; 132c') and second 
(1 62c; 1 62c 1 ) fuel discharge orifices is sub- 
jected to a pressure differential effective to 
purge the resident fuel in the first and sec- 
ond fuel passages (130, 132; 130', 132'; 
1 50, 1 62; 1 50', 1 62') whereby the fuel flows 
from the first passage (1 30, 1 32; 1 30', 132') 
to the second passage (150, 162; 150', 
162'), then into the combustor. 

Fuel injector (1 0; 1 0') according to claim 1 , charac- 
terized in that said first air (122c; 122c') and fuel 
(132c; 132c') discharge orifices comprise an inner 
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air discharge orifice (122c; 122c') and a fuel dis- 
charge orifice (132c; 132c') located radially outward 
of said inner air discharge orifice (122c; 122c'). 

3. Fuel injector (1 0; 1 0') according to claim 2, charac- 
terized in that said second air (1 42c; 1 42c') and fuel 
(162c; 162c') discharge orifices comprise an inter- 
mediate air discharge orifice (142c; 142c') located 
radially outward of said first fuel discharge orifice 
(132c; 132c') and an outer fuel discharge orifice 
(162c; 162c 1 ) located radially outward of said inter- 
mediate air discharge orifice (142c; 142c'). 

4. Fuel injector (10; 10') according to any of claims 1 
to 3, characterized in that 

- said injector body means ( 1 0; 1 0*) has an inner 
air passage (122; 122'); 

said first fuel passage means (130, 132; 130\ 
132') is disposed about the inner air passage 
(122; 122'); 

- an intermediate air passage (140, 142; 142') 
having said second air discharge orifice (142c; 
142c') is disposed about the first fuel passage 
(130, 132; 130', 132'); and 

- said second fuel passage (1 50, 1 62; 1 50', 1 62') 
is disposed about said intermediate air pas- 
sage (140, 142; 142'). 

5. Fuel injector (1 0; 1 0') according to claim 4, charac- 
terized in that said second air (1 42c; 1 42c') and fuel 
(162c; 162c') discharge orifices have a relationship 
to establish a lower pneumatic pressure at said sec- 
ond fuel discharge orifice (162c; 162c') than the 
pneumatic pressure established at said first fuel dis- 
charge orifice (132c; 132c'), 

such that, in the event the supply of fuel to the 
first (132c; 132c') and second (162c; 162c')fuel 
discharge orifices is interrupted, the fuel resid- 
ing in the fuel passages (130, 132; 130', 132'; 
150, 162; 150', 162') between said first (132c; 
132c') and second (162c; 162c') fuel discharge 
orifices is subjected to a pressure differential 
effective to purge the fuel resident in the first 
(130, 132; 130', 132') and second (150, 162; 
150', 162') fuel passages whereby the fuel 
flows from the first fuel passage (1 30, 1 32; 1 30', 
132') to the second fuel passage (150, 162; 
150\ 162'), then into the combustor. 

6. Fuel injector (10; 10') according to any of the pre- 
ceding claims, characterized in that said relation- 
ship between said first air (122c; 122c') and fuel 
(132c; 132c') discharge orifices and/or between 
said second air (142c; 142c') and fuel (162c; 162c') 
discharge orifices is the diameter of said orifices 
(122c; 122c'; 132c; 132c'; 142c; 142c'; 162c; 162c 4 ). 


7. Fuel injector (10; 10') according to claim 6, charac- 
terized in that the diameter of said first fuel dis- 
charge orifice (1 32c; 1 32c') is less than the diameter 
of said first air discharge orifice (122c; 122c'), and 

5 the diameter of said second fuel discharge orifice 
(162c; 162c') is greater than the diameter of said 
second air discharge orifice (142c; 142c'). 

8. Fuel injector (10; 1 0') according to any of the pre- 
10 ceding claims, characterized by an outer air pas- 
sage ( 1 70, 1 82; 1 70', 1 82') disposed about the sec- 
ond fuel passage (150, 162; 150\ 162') and having 
an outer air discharge orifice (182c; 182c'). 

15 9. Fuel injector according to any of the preceding 
claims, characterized in that said first (130, 132; 
130\ 132') and second (150, 162; 150', 162') fuel 
passages are communicated downstream of a fuel 
control valve (34; 1 73') in a housing means. 

20 

10. Fuel injector according to claim 9, characterized in 
that said first (130, 132; 130', 132') and second 
(150, 162; 150', 162') fuel passages are communi- 
cated at a common chamber (64; 64') disposed 
25 downstream of said fuel control valve (34; 173') to 
receive fuel therefrom. 


PatentansprUche 

30 

1. Brennstoffinjektor (10; 10') fur einen Brenner einer 
Gasturbine, der folgendes urnfaBt: 

- einen Injektorkorper (1 0; 1 0'), der erste (1 22c; 
35 1 22c') und zweite ( 1 42c; 1 42c') Luftaustrittsoff- 

nungen zum Austritt von Luft in den Brenner 
aufweist und 

- erste (130, 132; 130', 132') und zweite (150, 
162; 150*, 162') Brennstoffwegmittel, die je- 

40 weils erste (132c; 132c') und zweite (162c; 

162c') Brennstoffaustrittsdffnungen zum Aus- 
tritt von Brennstoff in den Brenner aufweisen, 

dadurch gekennzeichnet, dal3 

45 

- diegenannten ersten (130, 132; 130', 132') und 
zweiten (150, 162; 150', 162') Brennstoffwege 
stromaufw&rts der genannten Brennstoffaus- 
trittsoffnungen (132c; 132c'; 162c; 162c*) mit- 

50 einander in Verbindung stehen, 

die genannten ersten Luft- (1 22c; 1 22c') und 
Brennstoff- (132c; 132c 1 ) -austrittsoffnungen in 
einer solchen Beziehung zueinander stehen, 
daf3 an der genannten ersten Brennstoffaus- 

55 trittsoffnung (132c; 132c') ein pneumatischer 

Dnickeingestelltwird, und die genannten zwei- 
ten Luft- (142c; 142c') und Brennstoff- (162c; 
1 62c') -austrittsoffnungen in einer solchen Be- 
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ziehung zueinander stehen, daB an der ge- 
nannten zweiten Brennstoffaustrittsoffnung 
(162c; 162c') ein niedrigerer pneumatischer 
Druck eingestellt wird, 

so daB, wenn die Zufuhr von Brennstoff zu den 
ersten (132c; 132c") und zweiten (162c; 162c') 
BrennstoffaustrittsOffnungen unterbrochen 
wird, der in den Brennstoffwegen (130, 132; 
130', 132'; 150, 162; 150', 162') zwischen den 
genannten ersten (132c; 132c') und zweiten 
(162c; 162c') BrennstoffaustrittsOffnungen ver- 
bliebene Brennstoff einer Druckdifferenz aus- 
gesetzt wird, die bewirkt, daB der in den ersten 
und zweiten Brennstoffwegen (130, 132; 130', 
132'; 150, 162; 150', 162') verbliebene Brenn- 
stoff abgefuhrt wird, wobei der Brennstoff von 
dem ersten Weg (130, 132; 130', 132') in den 
zweiten Weg (150, 162; 150', 162') flieBt und 
dann in den Brenner. 

2. Brennstoffinjektor (10; 10') nach-Anspruch 1, da- 
durch gekennzeichnet, daB die genannten ersten 
Luft- (122c; 122c') und Brennstoff- (132c; 132c') 
-austrittsoffnungen eine innere Luftaustrittsoffnung 
(122c; 122c') und eine Brennstoffaustrittsoffnung 
(132c; 132c'), die radial auBerhalb der genannten 
inneren Luftaustrittsoffnung (122c; 122c') angeord- 
net sind, umfassen. 

3. Brennstoffinjektor (10; 10') nach Anspruch 2, da- 
durch gekennzeichnet, daB die genannten zweiten 
Luft- (142c; 142c 1 ) und Brennstoff- (162c; 162c') 
-austrittsoffnungen eine Zwischen -Luftaustrittsoff- 
nung (142c; 142c'), die radial auBerhalb der ge- 
nannten ersten Brennstoffaustrittsoffnung (132c; 
132c') angeordnet ist, und eine auBere Brenn- 
stoffaustrittsoffnung (162c; 162c'), die radial auBer- 
halb der genannten Zwischen-Luftaustrittsoffnung 
(142c; 142c') angeordnet ist, umfassen. 

4. Brennstoffinjektor (10; 10') nach einem beliebigen 
der Anspruche 1 bis 3, dadurch gekennzeichnet, 
daB 

- der genannte Injektorkorper (10; 10') einen in- 
neren Luftweg (122; 122*) aufweist; 
der genannte erste Brennstoffweg (130, 132; 
130', 132') um den inneren Luftweg (122; 122') 
angeordnet ist; 

ein Zwischen-Luf tweg ( 1 40, 1 42; 1 42'), der die 
genannte zweite Luftaustrittsoffnung (142c; 
142c') aufweist, um den ersten Brennstoffweg 
(130, 132; 130', 132') angeordnet ist; und daB 
der genannte zweite Brennstoffweg (150, 162; 
150', 162') um den genannten Zwischen-Luft- 
weg (140, 142; 142") angeordnet ist. 

5. Brennstoffinjektor (10; 10') nach Anspruch 4, da- 


durch gekennzeichnet, daB die genannten zweiten 
Luft- (142c; 142c') und Brennstoff- (162c; 162c 1 ) 
-austrittsoffnungen in einer solchen Beziehung zu- 
einander stehen, daB sich an der genannten zwei- 
5 ten Brennstoffaustrittsoffnung (162c; 162c') ein 
niedrigerer pneumatischer Druck einstellt als der an 
der genannten ersten Brennstoffaustrittsoffnung 
(132c; 132c') eingestelltepneumatische Druck, 

10 - so daB, wenn die Zufuhr von Brennstoff zu den 
ersten (132c; 132c') und zweiten (162c; 162c') 
BrennstoffaustrittsOffnungen unterbrochen 
wird, der in den Brennstoffwegen (130, 132; 
130', 132'; 150, 162; 150', 162') zwischen den 

*5 genannten ersten (132c; 132c') und zweiten 

(162c; 162c') BrennstoffaustrittsOffnungen ver- 
bliebene Brennstoff einer Druckdifferenz aus- 
gesetzt wird, die bewirkt, daB der in den ersten 
(130, 132; 130', 132') und zweiten (150, 162; 

20 150\ 162') Brennstoffwegen verbliebene 

Brennstoff abgefuhrt wird, wobei der Brennstoff 
von dem ersten Brennstoffweg (130, 132; 130\ 
1 32') zu dem zweiten Brennstoffweg (1 50, 1 62; 
150', 162*) flieBt und dann in den Brenner. 

25 

6. Brennstoffinjektor (10; 10') nach einem beliebigen 
der vorhergehenden Anspruche, dadurch gekenn- 
zeichnet, daB die genannte Beziehung zwischen 
den genannten ersten Luft- (122c; 122c') und 

30 Brennstoff- (132c; 132c') -austrittsoffnungen und/ 
Oder zwischen den genannten zweiten Luft- (1 42c; 
142c') und Brennstoff- (162c; 162c') -austrittsoff- 
nungen der Durchmesser der genannten 6ffnun- 
gen (122c; 122c'; 132c; 132c 1 ; 142c; 142c'; 162c; 

35 162c') ist. 

7. Brennstoffinjektor (10; 10') nach Anspruch 6, da- 
durch gekennzeichnet, daB der Durchmesser der 
genannten ersten Brennstoffaustrittsoffnung (1 32c; 

40 1 32c') kleiner ist als der Durchmesser der genann- 
ten ersten Luftaustrittsoffnung (122c; 122c 1 ), und 
daB der Durchmesser der genannten zweiten 
Brennstoffaustrittsoffnung (162c; 162c') grOBer ist 
als der Durchmesser der genannten zweiten Luft- 

45 austrittsOffnung (142c; 142c'). 

8. Brennstoffinjektor (10; 10') nach einem beliebigen 
der vorhergehenden Anspruche, gekennzeichnet 
durch einen SuBeren Luftweg (170, 182; 170', 182'), 

so der um den zweiten Brennstoffweg (1 50, 1 62; 1 50', 
162') angeordnet ist und der eine auBere Luftaus- 
trittsoffnung (182c; 182c') aufweist. 

9. Brennstoffinjektor nach einem beliebigen der vor- 
55 hergehenden Anspruche, dadurch gekennzeich- 
net, daB die genannten ersten (130, 132; 130*, 1 32') 
und zweiten (150, 162; 150', 162') Brennstoffwege 
unterhalb eines Brennstoff-Steuerventils (34; 173') 
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in einer Gehausevorrichtung miteinander in Verbin- 
dung stehen. 

10. Brennstoffinjektor nach Anspruch 9, dadurch ge- 
kennzeichnet, da(3 die genannten ersten (130, 132; 
130\ 132') und zweiten (150, 162; 150*, 162') 
Brennstoffwege durch eine gemeinsame Kammer 
(64; 64'), die stromabwarts des genannten Brenn- 
stoff-Steuerventils (34; 173') angeordnet ist, mitein- 
ander in Verbindung stehen, urn von diesem Brenn- 
stoff zu erhalten. 


Revendicatlons 

1 . Injecteur de carburant (1 0; 1 0') pour un dispositif de 
combustion d'un moteur k turbine k gaz comportant 

des moyens de corps d'injecteur (1 0; 1 0') ayant 
des premier (122c; 122c') et deuxieme (142c; 
1 42c') orifices de sortie d'air destines k deiivrer 
de fair au dispositif de combustion et 

- des premiers (130, 132; 130', 132') et deuxifc- 
mes (1 50, 1 62; 1 50', 1 62') moyens de passage 
de carburant ayant des premier (132c; 132c 1 ) 
et deuxieme (162c; 162c') orifices de sortie de 
carburant respectifs destines k deiivrer du car- 
burant au dispositif de combustion, 

caracterise en ce que 

- lesdits premiers (130, 132; 130', 132') et 
deuxiemes (150, 162; 150', 162') passages de 
carburant sont en communication en amont 
desdits orifices de sortie de carburant (132c; 
132c'; 162c; 162c*), 

lesdits premiers orifices de sortie d'air (122c; 
1 22c') et de carburant (132c; 132c') ont une re- 
lation destinee k etablir une pression pneuma- 
tique au niveau dudit premier orifice de sortie 
de carburant (132c; 132c') f et lesdits deuxifc- 
mes orifices de sortie d'air (142c; 142c') et de 
carburant (162c; 162c') ont une relation desti- 
nee k etablir une pression pneumatique inf6- 
rieure au niveau dudit deuxieme orifice de sor- 
tie de carburant (162c; 162c'), 

- de telle sorte que, dans le cas ou ralimentation 
en carburant vers les premier (132c; 132c') et 
deuxieme (162c; 162c') orifices de sortie de 
carburant est interrompue, le carburant qui r6- 
side dans les passages de carburant (1 30, 1 32; 
130', 132'; 150, 162; 150', 162') entre lesdits 
premier (132c; 132c') et deuxieme (162c; 
162c 1 ) orifices de sortie de carburant est sou- 
mis k une difference de pression efficace pour 
purger le carburant rSsidant dans les premiers 
et deuxiemes passages de carburant (130, 
132; 130', 132'; 150, 162; 150', 162') de telle 


sorte que le carburant s'6coule depuis le pre- 
mier passage (130, 132; 130', 132') vers le 
deuxieme passage (150, 162; 150', 162'), puis 
dans le dispositif de combustion. 

5 

2. Injecteur de carburant (10; 10') selon la revendica- 
tion 1, caracterise en ce que lesdits premiers orifi- 
ces de sortie d'air (122c; 122c') et de carburant 
(132c; 132c') component un orifice de sortie d'air 
10 interne (122c; 122c*) et un orifice de sortie de car- 
burant (132c; 132c') dispose radialement k I'exte- 
rieur dudit orifice de sortie d'air interne (122c; 
122C). 

is 3. Injecteur de carburant (10; 1 0') selon la revendica- 
tion 2, caracterise en ce que lesdits deuxiemes ori- 
fices de sortie d'air (142c; 142c') et de carburant 
(162c; 162c') component un orifice de sortie d'air 
intermediate (142c; 142c*) dispose radialement k 

20 I'exterieur dudit premier orifice de sortie de carbu- 
rant (1 32c; 1 32c') et un orifice de sortie de carburant 
exterieur (162c; 162c') dispose radialement k I'ex- 
terieur dudit orifice de sortie d'air intermediate 
(142C; 142C'). 

25 

4. Injecteur de carburant (10; 1 0') selon Tune quelcon- 
que des revendications 1 k 3, caracterise en ce que 

lesdits moyens de corps d'injecteur (10, 10') ont 
30 un passage d'air interne (1 22; 1 22'); 

lesdits premiers moyens de passage de carbu- 
rant (130, 132; 130', 132') sont disposes autour 
du passage d'air interne (122; 122'); 

- un passage d'air intermediate (140, 142; 142') 
35 ayant ledit deuxieme orifice de sortie d'air 

(142c; 142c') est dispose autour dudit premier 
passage de carburant (130, 132; 130', 132');et 
un deuxieme passage de carburant (1 50, 1 62; 
150', 162') est dispose autour dudit passage 
40 d'air intermediate (140, 142; 142'). 

5. Injecteur de carburant (1 0; 1 0') selon la revendica- 
tion 4, caracterise en ce que lesdits deuxiemes ori- 
fices de sortie d'air (142c; 142c') et de carburant 

45 (1 62c; 1 62c') ont une relation destinee k etablir une 
pression pneumatique plus faible au niveau dudit 
deuxieme orifice de sortie de carburant (162c; 
162c') que la pression pneumatique etablie au ni- 
veau dudit premier orifice de sortie de carburant 

so (132c; 132c'), 

- de telle sorte que, dans le cas ou I'alimentation 
en carburant vers les premier (132c; 132c') et 
deuxieme (162c; 162c') orifices de sortie de 

55 carburant est interrompue, le carburant qui re- 

side dans les passages de carburant ( 1 30, 1 32; 
130', 132'; 150. 162; 150', 162') entre lesdits 
premier (132c; 132c') et deuxieme (162c; 
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162c') orifices de sortie de carburant est sou- 
mis k une difference de pression efficace pour 
purger le carburant rgsidant dans les premiers 
(130, 132; 130', 132') et deuxifemes (150, 162; 
150', 162') passages de carburant de telle sorte s 
que le carburant s'6coule depuis le premier 
passage de carburant (130, 132; 130', 132') 
vers le deuxi&me passage de carburant (150, 
1 62; 1 50\ 162'), puis dans le dispositif de com- 
bustion. 10 

6. Injecteurde carburant (10; 1 0') selon Tune quelcon- 
que des revendications pr6c6dentes, caract6ris6 
en ce que ladite relation entre lesdits premiers ori- 
fices de sortie d'air (122c; 122c') et de carburant is 
(132c; 132c') et/ou entre lesdits deuxifemes orifices 

de sortie d'air (142c; 142c') et de carburant (162c; 
1 62c') est le diam&tre desdits orifices (1 22c; 1 22c'; 
132c; 132c'; 142c; 142c'; 162c; 162c 1 ). 

20 

7. Injecteur de carburant (1 0; 1 0') selon la revendica- 
tion 6, caract6ris6 en ce que le diamfctre dudit pre- 
mier orifice de sortie de carburant (132c; 132c') est 
inferieur au diam&re dudit premier orifice de sortie 
d'air (122c; 122c'), et le diam&tre dudit deuxfeme 25 
orifice de sortie de carburant (162c; 162c') est su- 
pgrieur au diamfctre dudit deuxifcme orifice de sortie 
d'air (142c; 142c'). 

8. Injecteurde carburant (10; I0')selon I'unequelcon- 30 
que des revendications pr§c6dentes, caract6ris§ 
par un passage d'air exterieur (1 70, 1 82; 1 70', 1 82') 
dispose autour du deuxfeme passage de carburant 
(150, 162; 150', 162') et ayant un orifice de sortie 
d'air exterieur (1 82c; 1 82c'). 35 

9. Injecteur de carburant selon I'une quelconque des 
revendications pr6c6dentes, caract6ris6 en ce que 
lesdits premiers (130, 132; 130', 132') etdeuxifcmes 
(150, 162; 150', 162') passages de carburant sont 40 
en communication en aval d'une soupape de com- 
mande de carburant (34; 1 73') dans des moyens de 
boitier. 

10. Injecteur de carburant selon la revendication 9, ca- 45 
ract6ris6en ceque lesdits premiers (130, 132; 130', 
132') etdeuxtemes (150, 162; 150', 162') passages 

de carburant sont en communication dans une 
chambre commune (64; 64') dispos^e en aval de 
ladite soupape de commande de carburant (34; so 
173') afin de recevoir du carburant provenant de 
celle-cL 
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